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(54) Method and apparatus for surface modification 



(57) A surface modification is performed by generat- 
ing plasma containing required ions to implant into a 
work which must be processed. The surface modifica- 
tion is enabled to be employed even if the object (2) 
which must be processed is an insulator. An apparatus 
(1) for surface modification for modifying the surface of 
an insulator (2) by implanting ions into the insulator 
incorporates a plasma generating unit (10) for generat- 
ing plasma containing ions which are implanted into the 
insulator; and a voltage applying unit (8) for applying 
pulse-shape voltage to the insulator. A plasma genera- 
tor generates plasma containing ions which are 
implanted into the insulator. In the plasma, the voltage 
applying unit applies pulse-shape voltage containing 
positive puise-shape voltage and negative pulse-shape 
voltage to the insulator. Thus, ions contained in the 
plasma are implanted into the insulator. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a method 
and an apparatus for surface modification for modifying 
the surface of an insulator by implanting ions into the 
insulator. 

Description of the Related Ar t 

[0002] A method has been employed with which a 
material is subjected to surface modification to modify a 
variety of characteristics including hardness, elasto- 
plasticity, electric conductivity, lubricity, durability, mois- 
ture resistance, corrosion resistance, wettability and 
gas permeability. As for the foregoing method, a method 
has been known with which ions are implanted into the 
work which must be processed so as to modify the sur- 
face of the work. 

[0003] As a method for implanting ions into the work 
which must be processed, a method (hereinafter called 
an "ion-beam implantation method") has been known 
with which the work is directly irradiated with ion beams 
so that ions are implanted into the work which must be 
processed. 

[0004] The ion-beam implantation method, how- 
ever, suffers from a problem in that ions cannot uni- 
formly be implanted into the work which must be 
processed when the work has a three-dimensional 
structure. 

Object and Summary of the Invention 

[0005] A method has been devised which incapa- 
ble of overcoming the above-mentioned problem and 
uniformly implanting ions even if the work which must be 
processed has a three-dimensional structure. The 
method (hereinafter called a "plasma implantation 
method") has the steps of generating plasma containing 
ions which must be implanted; and accelerating ions 
contained in the plasma by using a substrate bias so 
that ions are implanted into the work which must be 
processed. 

[0006] The plasma implantation .method is per- 
formed such that the work which must be processed is 
placed in the plasma containing ions which must be 
implanted. Then, a negative pulse bias voltage as 
shown in Fig. 1 is applied to the work which must be 
processed. When the negative voltage has been 
applied to the work which must be processed, ions in 
the plasma are implanted into the work. 
[0007] The foregoing plasma implantation method 
is performed such that the plasma containing ions which 
must be implanted is generated around the work which 
must be processed. Thus, if the work which must be 



processed has a three-dimensional structure, ions can 
uniformly be implanted into the surface of the work. 
[0008] The application of the plasma implantation 
method, however, is limited to only a case in which the 

5 work which must be processed is a conductor, such as 
metal. The reason for this lies in that electric charges 
are quickly accumulated in the work which must be 
processed If implantation of ions using the plasma 
implantation method is performed when the work which 

w must be processed is an insulator. Thus, a so-called 
charge-up state is realized. Hence it follows that ions 
cannot be implanted effectively into the work which 
must be processed. 

[0009] In view of the foregoing, an object of the 

15 present invention is to provide a method and an appara- 
tus for surface modification by implanting ions by using 
a plasma implantation method if the work which must be 
subjected to the surface modification is an insulator. 
[0010] According to one aspect of the present 

20 invention, it provides a surface modification apparatus 
for implanting ions into an insulator, comprising: means 
generating plasma including said ions to be implanted 
into said insulator; means applying voltage pulses to 
said insulator; means implanting ions into .said insulator 

25 in said plasma atmosphere by applying positive and/or 
negative pulse-shape voltage to said insulator. 
[0011] According to another aspect of the present 
invention, it provides a method for surface modification 
of an insulator by electron beam irradiated with; the 

30 improvement: applying pulse-shape voltage to the insu- 
lator while the insulator is irradiated with electron beam. 
[0012] The method and apparatus for surface mod- 
ification according to the present invention are struc- 
tured such that the bias voltage which is applied to the 

35 insulator is the pulse-shape voltage containing positive 
pulse voltage and negative pulse voltage. Therefore, 
undesirable accumulation of electric charges in the 
insulator which must be substrate to the surface modifi- 
cation can be prevented during the ion implantation 

40 process. That is, if electric charges are accumulated in 
the insulator which must be subjected to the surface 
modification owing to the application of the negative 
pulse-shape voltage, the electric charges can immedi- 
ately be neutralized by the positive pulse-shape voltage. 

45 Hence it follows that the so-called charge- up state can 
be prevented. As a result, ions can continuously be 
implanted into the insulator which must be subjected to 
the surface modification. 

[0013] According to the present invention, if the 
so work which must be subjected to the surface modifica- 
tion is an insulator, the surface modification can be per- 
formed by implanting ions by the plasma implantation 
method. Therefore, if the work which must be subjected 
to the surface modification is, for example, an insulator 
55 having a three-dimensional structure, ions can uni- 
formly be implanted into the surface of the work which 
must be processed so as to modify the surface of the 
work. 
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[0014] According to the present invention, even 
plastic which is an insulator can be subjected to the sur- 
face modification by implanting ions. That is, the present 
invention is able to subject plastic to the surface modifi- 
cation by implanting ions so as to modify hardness, 5 
elasto-plasticity, electric conductivity, lubricity, durability, 
moisture resistance, corrosion resistance, wettability 
and gas permeability. Therefore, according to the 
present invention, a multiplicity of elements which have 
been made of metal or glass can be made of the low- j 0 
cost plastic. Hence it follows that a significant industrial 
advantage can be realized. 

Brief description of the drawing 

15 

[0015] 

Fig. 1 is a graph showing the waveform of a pulse 
bias voltage which is applied to a work which must 
be processed by a conventional plasma implanta- 20 
tion method; 

Fig. 2 is a diagram showing an example of the 
structure of an apparatus for surface modification 
according to the present invention; 25 

Fig. 3 is a graph showing an implantation profile 
realized when ions have been implanted by the ion 
beam implantation method; 

30 

Fig. 4 is a graph showing an implantation profile 
realized when ions have been implanted by a 
plasma implantation method according to the 
present invention; 

35 

Fig. 5 is a graph showing a waveform of a pulse- 
shape voltage which is appNed to a wortc which is 
subjected to surface modification according to the 
present invention; 

40 

Fig. 6 is a graph showing another waveform of a 
pulse-shape voltage which is applied to a work 
which is subjected to surface modification accord- 
ing to the present invention; 

45 

Fig. 7 is a graph showing another waveform of a 
pulse-shape voltage which is applied to a work 
which is subjected to surface modification accord- 
ing to the present invention; 

50 

Fig. 8 is a graph showing another waveform of a 
pulse-shape voltage which is applied to a work 
which is subjected to surface modification accord- 
ing to the present invention; 

55 

Fig. 9 is a graph showing another waveform of a 
pulse-shape voltage which is applied to a work 
which is subjected to surface modification accord- 



ing to the present invention; 

Fig. 10 is a graph showing another waveform of a 
pulse-shape voltage which is applied to a work 
which is subjected to surface modification accord- 
ing to the present invention; 

Fig. 1 1 is a graph showing another waveform of a 
pulse-shape voltage which is applied to a work 
which is subjected to surface modification accord- 
ing to the present invention; 

Fig. 12 is a graph showing another waveform of a 
pulse-shape voltage which is applied to a work 
which is subjected to surface modification accord- 
ing to the present invention; 

Fig. 13 is a graph showing a first example of pulse- 
shape voltage applied to a plastic substrate accord- 
ing to a first embodiment; 

Fig. 14 is a graph showing a second example of 
pulse-shape voltage applied to a plastic substrate 
according to a first embodiment; 

Fig. 15 is a graph showing results of depression 
hardness tests of a plastic substrate subjected to 
the surface modification by implanting ions accord- 
ing to the first embodiment such that results of 
measurement are shown which were performed by 
implanting ions by applying the pulse-shape volt- 
age shown in Fig. 13; 

Fig. 16 is a graph showing results of depression 
hardness tests of a plastic substrate subjected to 
the surface modification by implanting ions accord- 
ing to the first embodiment such that results of 
measurement are shown which have been per- 
formed by implanting ions by applying the pulse- 
shape voltage shown in Fig. 14; 

Fig. 17 is a graph showing results of measurement 
of infrared spectral characteristics before and after 
a plastic substrate coated with oil based ink has 
been subjected to . the surface modification by 
implanting ions according to a second embodiment; 
and 

Fig. 1 8 is a diagram showing a rotative drum which 
is subjected to the surface modification according 
to a third embodiment. 

Detailed description of the preferred embodiment 

[0016] An embodiment of the present invention will 
now be described with reference to the drawings. 
[0017] An example of the structure of an apparatus 
for surface modification according to the present inven- 
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tion is shown in Fig. 2. The apparatus 1 for surface mod- 
ification according to the present invention is an 
apparatus for modifying the surface of a work 2 which 
must be processed by implanting ions into the work 2 
made of an insulator by a plasma implantation method. 
[0018] The material of the work 2 which must be 
subjected to the surface modification by implanting ions 
is exemplified by amorphous polyolefine (APO), poly- 
carbonate (PC), polmethylmethacrylate (PMMA), poly- 
ethylene terephthalate (PET), acrylic resin, polyimide 
resin, carbon and glass. The ion source which must be 
implanted into the work 2 are exemplified by C, N, Ar, W, 
Ta, Cr, Mo, Co, Pt, Ni, Fe, Ti, Mn, Cu and Sm. 
[0019] The apparatus 1 for surface modification 
incorporates a vacuum chamber 3, a cryopump 4 for 
exhausting the inside portion of the vacuum chamber 3, 
a holder 5 for supporting the work 2 in the vacuum 
chamber 3, an ion generator 6 for supplying ions which 
must be implanted into the work 2, a shutter 7 for per- 
forming switching between supply of ions and inhibition 
of the supply and a pulse power source 8 for applying 
pulse-shape voltage including positive pulse-shape volt- 
age and negative pulse-shape voltage to the work 2 
which must be processed. 

[0020] The vacuum chamber 3 is a chamber, the 
inside portion of which is exhausted so as to realize a 
high vacuum state. In the apparatus 1 for surface modi- 
fication, plasma containing ions which must be 
implanted into the work' 2 is generated in the vacuum 
chamber 3. Thus, the ions contained in the plasma are 
implanted into the work 2. 

[0021] The cryopump 4 is a vacuum pump for 
exhausting the inside portion of the vacuum chamber 3 
to realize the high vacuum state. The apparatus 1 for 
surface modification is structured such that the cryop- 
ump 4 exhausts the inside portion of the vacuum cham- 
ber 3. Thus, high vacuum is realized before ions are 
implanted into the vacuum chamber 3, that is, the back- 
ground degree of vacuum, is made to be, for example, 
about 10~ 7 Torn The degree of vacuum realized when 
the inside portion of the vacuum chamber 3 has been 
exhausted by the cryopump 4 to implanted ions into the 
vacuum chamber 3 so as to generate plasma, that is, 
the degree of vacuum is, for example, 10" 5 Torr while 
ions are being implanted,. 

[0022] The holder 5 supports the work 2. An insulat- 
ing support member 9 joined to the vacuum chamber 3 
secures the holder 5 to the inside portion of the vacuum 
chamber 3. When the work 2 made of the insulator is 
subjected to the surface modification, the work 2 is 
secured to the holder 5. 

[0023] The holder 5 includes a pipe for introducing 
cooling water. Cooling water is allowed to flow through 
the pipe so that the work 2 secured to the holder 5 is 
cooled. The pipe for introducing cooling water included 
in the holder 5 is extended to the outside portion of the 
vacuum chamber 3 through the support member 9. As 
indicated with an arrow A shown in the drawing, cooling 



water can be supplied through the pipe for introducing 
cooling water included in the holder 5 through the pipe 
for introducing cooling water extended to the outside 
portion of the vacuum chamber 3. 

5 [0024] When ions are implanted by the plasma 
implantation method, the temperature of the work 2 is 
raised as the ions are implanted. When the work 2 is 
made of a material, such as plastic, which must avoid a 
process which is performed at high temperatures, 

10 excessive rise in the temperature of the work 2 caused 
from implantation of ions raises a problem. 
[0025] However, the apparatus 1 for surface modifi- 
cation incorporating the holder 5 having the water-cool- 
ing function is able to control the temperature of the 

15 work 2 while the work 2 is subjected to the surface mod- 
ification by implanting ions. Therefore, if the work 2 is 
made of a material, such as plastic, which must avoid a 
• process which is performed at high temperatures, rise in 
the temperature of the work 2 can be prevented to 

20 implant ions into the work 2. 

[0026] The ion generator 6 is a plasma generating 
means for supplying ions which must be implanted into 
the work 2 so as to generate plasma containing ions 
which must be implanted into the work 2. The ion gener- 

25 ator 6 incorporates an ion generation source 1 0 for gen- 
erating ions which must be implanted into the work 2 
and a mass separator 11 for extracting only ions with 
unit charge among particles generated by the ion gen- 
eration source 10. 

30 [0027] The ion generation source 10 may be a 
Kauffmann ion source, a magnetron sputter source or a 
cathodic arc source. Each of the Kauffmann ion source, 
and a magnetron sputter source is structured such that 
an operation gas serving as the ion source is implanted 

35 so that ions are generated from the operation gas. On 
the other hand, the cathodic arc source does not use 
the operation gas when it generates ions. Specifically, 
the cathodic arc source uses a cathode made of a mate- 
rial which serves as the ion source to cause arc dis- 

40 charge to occur. The arc discharge causes the cathode 
to be evaporated so that ionized particles are taken. 
Since the cathodic arc source does not use the opera- 
tion gas to generate ions, an advantage can be realized 
in that ions can be generated while a high vacuum state 

45 is being maintained. 

[0028] When the cathodic arc source is employed 
as the ion generation source 10, there sometimes 
arises a problem of occurrence of a droplet. To over- 
come the problem of occurrence of a droplet, a portion 

so of cathodic arc sources employs an electromagnetic fil- 
ter for removing the droplet. The cathodic arc source of 
the foregoing type is called filtered cathodic arc source. 
The apparatus 1 for surface modification may employ 
the field cathodic arc source as the ion generation 

55 source 10. 

[0029] The ion generation source 10 generates 
neutral particles and macroparticles having a large 
mass as well as required ions. A occurrence that parti- 
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cles except for the required ions are moved to the work 
2 must be prevented. Therefore, the ion generator 6 
incorporates the mass separator 1 1 for implanting only 
required ions among the particles generated by the ion 
generation source 10 into the vacuum chamber 3. 5 
[0030] The mass separator 1 1 has a passage bent 
by, for example, about 45°. Moreover, magnets are dis- 
posed along the passage. Magnetic fields generated by 
the magnets lead the required ions into the vacuum 
chamber 3 along the bent passage. On the other hand, 10 
the neutral particles and the macroparticles having a 
large mass cannot easily be lead. Therefore, the forego- 
ing particles cannot pass through the bent passage. 
Therefore, the foregoing particles are interrupted. 
[0031] When the mass separator 11 is disposed 15 
between the ion generation source 10 and the vacuum 
chamber 3, the neutral particles and the macroparticles 
having a large mass can be interrupted. That is, only 
required ions can be implanted into the vacuum cham- 
ber 3. As a result, influences of the neutral particles and 20 
macroparticles each having a large mass can be elimi- 
nated. Thus, the quality of the result of the surface mod- 
ification can be improved. 

[0032] The shutter 7 is disposed adjacent to an ion 
emitting opening of the ion generator 6 to perform 25 
switching between supply of ions and interruption of the 
supply. When the shutter 7 is opened, ions are supplied 
from the mass separator 11. When the shutter 7 is 
closed, supply of ions from the ion generator 6 is inter- 
rupted. 30 
[0033] The pulse power source 8 is a voltage apply- 
ing means for applying pulse-shape voltage including 
positive pulse-shape voltage and negative pulse-shape 
voltage to the work 2 supported by the holder 5. That is, 
when ions are lead onto the work 2, the pulse power 35 
source 8 applies the pulse-shape voltage serving as 
bias voltage to the work 2. When the negative pulse- 
shape voltage is applied to the work 2, ions in the 
plasma are implanted into the work 2. Thus, ions are 
implanted into the work 2. 40 
[0034] The pulse power source 8 incorporate a first 
power source 21 serving as a positive DC voltage 
source, a second power source 22 serving as a nega- 
tive DC voltage source, a first inverter circuit 23 for con- 
verting the DC voltage supplied from the first power 45 
source 21 into the pulse-shape voltage, a second 
inverter circuit 24 for converting the DC voltage supplied 
from the second power source 22 into the pulse-shape 
voltage, a pulse transformer 25 for raising the levels of 
the pulse-shape voltages applied from the first and sec- so 
ond inverter circuits 23 and 24, a control circuit 26 for 
controlling the first and second inverter circuits 23 and 
24 and a computer 27 for controlling the operation of the 
control circuit 26. 

[0035] The first inverter circuit 23 of the pulse power 55 
source 8 converts the positive DC voltage supplied from 
the first power source 21 into the pulse-shape voltage. 
The second inverter circuit 24 converts the negative DC 



voltage supplied from the second power source 22 into 
the pulse-shape .voltage. 

[0036] Outputs from the first and second inverter 
circuits 23 and 24 are controlled by the control circuit 
26. In the pulse power source 8, the first inverter circuit 
23 for outputting the positive pulse-shape voltage and 
the second inverter circuit 24 for outputting the negative 
pulse-shape voltage are operated in parallel. Since the 
first and second inverter circuits 23 and 24 are control- 
led by the control circuit 26, the pulse peak value, the 
first transition time of the pulse, the intervals between 
pulses and the pulse width of each of the positive and 
negative pulse-shape voltages output from the first and 
second inverter circuits 23 and 24 are independently be 
changed. 

[0037] Specifically, the control circuit 26 switches 
the output from the first inverter circuit 23 and that from 
the second inverter circuit 24 and controls the outputs 
from the same in such a manner that the positive pulse- 
shape voltage output from the first inverter circuit 23 
and the negative pulse-shape voltage output from the 
second inverter circuit 24 are alternately output. The 
pulse-shape voltages controlled by the control circuit 26 
and output from the first and second inverter circuits 23 
and 24 are supplied to a primary coil of the pulse trans- 
former 25. 

[0038] The level of the pulse-shape voltage sup- 
plied to the pulse transformer 25 is raised by the pulse 
transformer 25. A terminal connected to the secondary 
coil of the pulse transformer 25 is allowed to pass 
through the support member 9 for supporting the holder 
5 so as to be disposed on the surface of the holder 5 for 
supporting the work which must be processed. When 
the work 2 has been joined to the holder 5, the pulse- 
shape voltage having the level raised by the pulse trans- 
former 25 is, therefore, applied to the work 2 which must 
be processed. 

[0039] The pulse-shape voltage which is applied to 
the work 2 contains the pulse obtained by raising the 
level of the positive pulse-shape voltage output from the 
first inverter circuit 23 and the pulse obtained by raising 
the level of the negative pulse-shape voltage output 
from the second inverter circuit 24. That is, the work 2 is 
applied with_ the pulse-shape voltage containing the 
positive pulse voltage and the negative pulse voltage. 
[0040] As described above, the work 2 is applied 
with the voltage which is the pulse-shape voltage con- 
taining the positive pulse voltage and the negative pulse 
voltage. Hence it follows that undesirable accumulation 
of electric charges in the work 2 can be prevented while 
ions are implanted into the work 2. If electric charges 
are accumulated in the work 2 owing to the application 
of the negative pulse voltage, the foregoing electric 
charges can immediately be neutralized by the positive 
pulse voltage. If electric charges are accumulated in the 
work 2 owing to the application of the positive pulse volt- 
age, the foregoing electric charges can immediately be 
neutralized by the negative pulse voltage. Therefore, 
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the so-called charge-up state can be prevented. Thus, 
continuous implantation into the work 2 is permitted. 
[0041] Note that the pulse power source 8 is struc- 
tured such that the peak value of the pulse voltage 
applied to the work 2, the pulse first transition time, the 5 
intervals between pulses, the pulse width or the order of 
the positive and negative pulses can arbitrarily be con- 
trolled by issuing an instruction to the computer 27. That 
is, when the pulse power source 8 is operated, the 
waveform of the pulse-shape voltage which must be w 
applied to the work 2 which must be processed is input 
to the computer 27. In accordance with the input 
instruction, the computer 27 controls the operation of 
the control circuit 26. In accordance with the instruction 
issued from the computer 27, the control circuit 26 con- is 
trols the outputs from the first and second inverter cir- 
cuits 23 and 24 in such a manner that the pulse-shape 
voltage having a required waveform is applied to the 
work 2 which must be processed. 

[0042] Specifically, each peak value of the positive 20 
and negative pulse-shape voltages which are applied to 
the work 2 can independently be changed from about 0 
V to about 40 kV. Moreover, the pulse width can be 
changed in a range from several jxsec to several sec- 
onds. The intervals between the pulses can be changed 25 
from several seconds to tens of u.sec. Also the order of 
the positive and negative pulses can be controlled by 
the computer 27 connected to the control circuit 26. 
[0043] It is preferable that the first and second 1 
inverter circuits 23 and 24 of pulse power source 8 are ' 30 
constituted by circuits incorporating semiconductor 
devices. The inverter circuit incorporating the semicon- 
ductor device is a low-cost circuit. Therefore, use of the 
circuit incorporating the semiconductor devices to serve 
as the first and second inverter circuits 23 and 24 which 35 
is included in the pulse power source 8 enables the 
pulse power source 8 to be constituted at a low cost. 
Since the size of the circuit incorporating the semicon- 
ductor devices can easily be reduced, the size of pulse 
power source 8 can be reduced. 1 40 
[0044] When the first and second inverter circuits 
23 and 24 are constituted by the circuits incorporating 
the semiconductor devices, a high output voltage can- 
not easily be obtained from each of the first and second 
inverter circuits 23 and 24. In the foregoing case, the 45 
levels of the outputs from the first and second inverter 
circuits 23 and 24 must be raised by the pulse trans- 
former 25 as the foregoing pulse power source 8. 
[0045] When the circuit incorporating the semicon- 
ductor devices to serve as the first and second inverter so 
circuits 23 and 24 is employed, the pulse peak value of 
the pulse-shape voltage output from the first and sec- 
ond inverter circuits 23 and 24 is about several hun- 
dreds of V to about several kilos of V. The levels of the 
pulse-shape voltage is raised by the pulse transformer 55 
25 so that the pulse-shape voltage having a pulse peak 
value of tens of kV is generated. The pulse voltage hav- 
ing the level raised by the pulse transformer 25 is 



applied to the work 2 which must be processed. 
[0046] The first and second inverter circuits 23 and 
24 may be constituted by circuits incorporating vacuum 
tubes. The inverter circuits incorporating the vacuum 
tubes enables high output voltages to be obtained. 
When the circuits incorporating the vacuum tubes are 
employed as the first and second inverter circuits 23 
and 24, the pulse-shape voltages output from the first 
and second inverter circuits 23 and 24 may directly be 
applied to the work 2 which must be processed such 
that the pulse transformer 25 is bypassed. 
[0047] When the surface modification apparatus 1 
structured as described above is used to subject the 
work 2 made of the insulator to surface modification by 
implanting ions, the work 2 which must be processed is 
secured to the holder 5 disposed in the vacuum cham- 
ber. Then, the inside portion of the vacuum chamber is 
exhausted by the cryopump 4 so that a high vacuum 
state is realized. The degree of vacuum in the vacuum 
chamber 3, that is, the degree of vacuum (the back- 
ground degree of vacuum) realized before ion implanta- 
tion into the vacuum chamber 3 is made to be, for 
example, about 1 0" 7 Ton*. 

[0048] If the work 2 is made of a material, such as 
plastic, which must avoid a process which is performed 
at high temperatures, cooling water is allowed to flow 
through the pipe for introducing cooling water included 
in the holder 5. Thus, excessive rise in the temperature 
of the work 2 is prevented. 

[0049] Then, ion generator 6 generates ions which 
must be lead onto the work 2. Thus, the ions are 
implanted into the vacuum chamber 3. As a result, 
plasma containing the ions which must be implanted 
into the work 2 is generated in the vacuum chamber 3. 
The degree of vacuum in the vacuum chamber 3 is, for 
example, about 10" 5 Torr while ions are implanted,. 
[0050] In a state in which the work 2 is placed in the 
plasma containing the ions which must be implanted, 
the pulse-shape voltage containing the positive pulse- 
shape voltage and the negative pulse-shape voltage is 
generated by the pulse power source 8. The foregoing 
pulse-shape voltage is, as the bias voltage, applied to 
the work 2. As a result, ions are implanted into the work 
2 so that the ions are implanted into the work 2. 
[0051] Specifically, when the negative pulse-shape 
voltage has been applied to the work 2 which must be 
processed, positive ions contained in the plasma are 
implanted into the work 2. Thus, the positive ions are 
implanted into the work 2. An amount of ions which are 
implanted into the work 2, the depth of implantation and 
the implantation profile depend on the pulse peak value, 
the first transition time of the pulse, the intervals of the 
pulses and the pulse width of the negative pulse-shape 
voltage which is applied to the work 2. Therefore, the 
waveform of the pulse-shape voltage which is applied to 
the work 2 is controlled so that the amount of ions which 
are implanted into the work 2, the depth of the implanta- 
tion and the implantation profile are controlled. Note that 
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the "implantation profile" is the relationship between the 
depth from the surface of the work 2 and the density of 
ions which are implanted into the work 2. 
[0052] When positive ions are implanted into the 
work 2 as described above, electric charges are accu- 
mulated in the work 2 which must be processed. There- 
fore, continuation of application of the negative voltage 
to the work 2 results in a fact that implantation of ions 
into the work 2 made of the insulator cannot be contin- 
ued. Therefore, the apparatus 1 for surface modification 
is structured such that the bias voltage which is applied 
to the work 2 is the pulse voltage including the positive 
pulse-shape voltage and the negative pulse-shape volt- 
age. Thus, electric charges accumulated in the work 2 is 
neutralized by the positive pulse-shape voltage. 
[0053] Specifically, when the positive pulse-shape 
voltage is applied to the work 2, electrons are implanted 
into the work 2. The electrons neutralize the electric 
charges accumulated in the work 2. Thus, the electric 
charges accumulated in the work 2 are neutralized. 
When the negative pulse-shape voltage is applied, pos- 
itive ions, therefore, are implanted into the work 2. Thus, 
ions can be implanted into the work 2. 
[0054] As described above, the bias voltage which 
is applied to the work 2 is made to be the pulse-shape 
voltage including the positive pulse-shape voltage and 
the negative pulse-shape voltage. Therefore, the 
charge- up state can be prevented even if the work 2 is 
an insulator. Hence it follows that ions can be implanted 
into the work 2. 

[0055] Since the implantation of ions is performed 
by the plasma implantation method with which ions con- 
tained in the plasma are implanted into the work 2, an 
effect different from the ion-beam implantation method 
can be obtained in that ions can uniformly be implanted 
into the surface of the work 2 even if the work 2 has a 
three-dimensional structure. 

[0056] The work 2 which must be subjected to the 
surface modification by implanting ions is exemplified by 
a rotative drum for use to record and/or play a magnetic 
tape, a substrate for supporting a recording layer of a 
recording medium, a recording medium having a sub- 
strate on which a recording layer is formed, a recording 
medium having a substrate on which a recording layer is 
formed and a protective film formed on the recording 
layer, a panel substrate of a liquid crystal panel for per- 
mitting liquid crystal to be enclosed, printed matter hav- 
ing an insulator on which printing is performed and a 
variety of micromachines each of which is made of an 
insulating material, such as plastic. 
[0057] When the ion beam implantation method is 
performed, an ion beam having predetermined energy 
is accelerated and implanted into the work which must 
be processed. The implantation profile (the relationship 
between the depth from the surface of the work and the 
density of ions implanted into the work) is formed into a 
Gaussian distribution having a peak at a certain depth 
from the surface, as shown in Fig. 3. 



[0058] On the other hand, when ions are implanted 
by the apparatus 1 for surface modification which 
employs the plasma implantation method, the pulse- 
shape voltage which is applied to the work 2 is control- 

5 led. Thus, the amount of ions which must be implanted 
into the work 2, the depth of the implantation and the 
implantation profile can be controlled. Therefore, for 
example, the implantation profile can be formed such 
that the profile has a peak adjacent to the surface, as 

w shown in Fig. 4. 

[0059] Then, examples (see Figs. 5 to 12) of the 
pulse-shape voltage which is applied to the work 2 
when ions are implanted by the apparatus 1 for surface 
modification will now be described. 

15 [0060] In the example shown in Fig. 5, the negative 
pulse-shape voltage is first applied. Immediately after 
this, the positive pulse-shape voltage having substan- 
tially the same absolute value of the pulse peak is 
applied. Moreover, a period in which no voltage is 

20 applied is provided after the positive pulse-shape volt- 
age has been applied. A pulse train having the forego- 
ing waveform is repeatedly applied to the work 2 which 
must be processed. 

[0061] When the waveform of the pulse-shape volt- 

25 age is made to be as shown in Fig. 5, positive ions are 
accelerated and implanted into the work 2 when the 
negative pulse-shape voltage has been applied. Since 
the positive ions are implanted into the work 2, electric 
charges are accumulated in the work 2. When the posi- 

30 tive pulse-shape voltage is applied, electrons are 
implanted into the work 2. As a result, the electric 
charges accumulated in the work 2 can be neutralized. 
[0062] The pulse-shape voltage having the wave- 
form as shown in Fig. 5 is, as the bias voltage, applied 

35 to the work 2. Thus, even if the work 2 is an insulator, 
the charge-up state can be prevented. Thus, implanta- 
tion of ions into the work 2 can be continued. 
[0063] Rg. 6 shows an example in which the order 
of positive and negative voltages are inverted from the 

40 example shown in Fig. 5. In the example shown in Fig. 
6, the positive pulse-shape voltage is initially applied. 
Immediately after this, the negative pulse-shape voltage 
having substantially the same absolute value of the 
pulse peak is applied. Then, a period in which no volt- 

45 age is applied is provided after the application of the 
negative pulse-shape voltage. The foregoing pulse train 
is repeatedly applied to the work 2. 
[0064] Also in the case in which the pulse-shape 
voltage has the waveform as shown in Fig. 6, positive 

so ions are accelerated and implanted into the work 2 sim- 
ilarly to the example shown in Fig. 5 when the negative 
pulse-shape voltage has been applied. As a result, ions 
are implanted into the work 2. Since the positive ions 
" are implanted into the work 2, electric charges are accu- 

55 mulated in the work 2. When the positive pulse-shape 
voltage has been applied, electrons are implanted into 
the work 2. Thus, the electric charges accumulated in 
the work 2 can be neutralized. 
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[0065] Therefore, application of the pulse-shape 
voltage having the waveform as shown in Fig. 6 to the 
work 2 as the bias voltage prevents realization of the 
charge-up state even if the work 2 is an insulator simi- 
larly to the example shown in Fig. 5. Thus, implantation 
of ions into the work 2 can be continued. 
[0066] In an example shown in Fig. 7, the negative 
pulse-shape voltage is first applied. Then, a period in 
which no voltage is applied is provided. Then, a positive 
pulse-shape voltage having substantially the same 
absolute value of the pulse peak as that of the negative 
pulse-shape voltage is applied. Then, a period in which 
no voltage is applied is provided. The foregoing pulse 
train is repeatedly applied to the work 2. 
[0067] Also in the case where the pulse-shape volt- 
age has the waveform as shown in Fig. 7, positive ions 
are accelerated and implanted into the work 2 when the 
negative pulse-shape voltage has been applied simi- 
larly to the examples shown in Figs. 5 and 6. Thus, 
implantation of ions into the work 2 is performed. At this 
time, positive ions are implanted into the work 2. Thus, 
positive charges are accumulated in the work 2. On the 
other hand, application of the positive pulse-shape volt- 
age causes electrons to be implanted into the work 2. 
As a result, the positive charges accumulated in the 
work 2 can be neutralized. 

[0068] Therefore, application of- the pulse-shape 
voltage having the waveform as shown in Fig. 7 to the 
work 2 as the bias voltage enables implantation of ions 
into the work 2 to be continued without occurrence of 
the charge-up state even if the work 2 is an insulator 
similarly to the examples shown in Figs. 5 and 6. 
[0069] Moreover, the example shown in Fig. 7 is 
structured such that the period in which no voltage is 
applied after application of the negative pulse-shape 
voltage is provided. Thus, the positive pulse-shape volt- 
age is applied after a lapse of a certainly long period of 
time. In the foregoing case in which the period in which 
no voltage is applied after the negative pulse-shape 
voltage has been applied, the electric v charges accumu- 
lated in the work 2 are removed in a certain quantity dur- 
ing the foregoing period. Therefore, neutralization of the 
electric charges owing to the application of the positive 
pulse-shape voltage can easily be performed. 
[0070] In an example shown in Fig. 8, the negative 
pulse-shape voltage is applied. Immediately after this, 
the positive pulse-shape voltage which peak is small is 
applied. Then, the period in which no voltage is applied 
is provided. The foregoing pulse train is repeatedly 
applied to the work 2. 

[0071] Also in the case where the pulse-shape volt- 
age has the waveform as shown in Fig. 8, the positive 
ions are accelerated and implanted into the work 2 sim- 
ilarly to the examples shown in Figs. 5 to 7 when the 
negative pulse-shape voltage is applied. As a result, 
ions are implanted into the work 2. When the positive 
ions are implanted into the work 2 at this time, positive 
charges are accumulated in the work 2. When the posi- 



tive pulse-shape voltage is applied, electrons are 
implanted into the work 2. Thus, the electric charges 
accumulated in the work 2 can be neutralized. 
[0072] In the example shown in Fig. 8, the absolute 

5 value of the pulse peak of the positive pulse-shape volt- 
age is made to be smaller than the absolute value of the 
pulse peak of the negative pulse-shape voltage. The 
positive charges accumulated in the work 2 can satis- 
factorily be neutralized by the smaller absolute value of 
10 the positive pulse. When the period in which no voltage 
is applied is provided between the pulses, positive 
charges accumulated in the work 2 can be removed in 
the foregoing period. Therefore, the positive pulse- 
shape voltage for neutralizing the electric charges accu- 

15 mulated in the work 2 can be reduced. 

[0073] In an example shown in Fig. 9, the order of 
the positive pulse-shape voltage and the negative 
pulse-shape voltage shown in Fig. 8 is inverted. That is, 
the example shown in Fig. 9 is structured such that the 

20 positive pulse-shape voltage is first applied. Immedi- 
ately after this, the negative pulse-shape voltage which 
peak is small is applied. Then, the period in which no 
voltage is applied is provided. The pulse train of the 
foregoing type is repeatedly applied to the work 2. 

25 [0074] Also in the case where the pulse-shape volt- 
age has the waveform as shown in Fig. 9, positive ions 
' are accelerated and implanted into the work 2 similarly 
to the examples shown in Figs. 5 to 8 when the negative 
pulse-shape voltage is applied. As a result, ions are 

30 implanted into the work 2. Since the positive ions are 
implanted into the work 2, positive charges are accumu- 
lated in the work 2. When the positive pulse-shape volt- 
age is applied, electrons are implanted into the work 2. 
Thus, the positive charges accumulated in the work 2 

35 can be neutralized. 

[0075] In the example shown in Fig. 9, the absolute 
value of the pulse peak of the positive pulse-shape volt- 
age is made to be larger than the absolute value of the 
pulse peak of the negative pulse-shape voltage. The 

40 neutralization of the electric charges accumulated in the 
work 2 can be performed by enlarging the positive 
pulse. In the foregoing case, when positive pulse-shape 
voltage is applied, electrons in a quantity for neutralizing 
the positive charges accumulated in the work 2 can be 

45 implanted into the work 2. Therefore, the foregoing 
example attains an effect of the surface modification to 
be obtained owing to the irradiation with electrons. 
[0076] In an example shown in Fig. 1 0, a plurality of 
negative pulse-shape voltages are initially applied. The 

so waveform is formed by continuing pulses in which the 
negative voltages are gradually enlarged. Thus, the 
waveform is composed of pulse train having a moderate 
negative inclination as indicated with a dashed line. In 
the example shown in Fig. 10, the foregoing negative 

55 pulse-shape voltages are applied. Immediately after 
this, the positive pulse-shape voltage is applied. .Then, a 
period in which no voltage is applied is provided. The 
foregoing pulse train is repeatedly applied to the work 2. 
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[0077] When the pulse-shape voltage has the 
waveform as shown in- Fig. 10, positive ions are acceler- 
ated and implanted into the work 2 after the plurality of 
the negative pulse-shape voltages are applied. As a 
result, ions are implanted into the work 2. Since positive 
ions are implanted into the work 2, positive charges are 
accumulated in the work 2. When the positive pulse- 
shape voltage is applied, electrons are implanted into 
the work 2. Thus, positive charges accumulated in the 
work 2 can be neutralized. 

[0078] In the foregoing example, the negative 
pulse-shape voltage which is the bias voltage for accel- 
erating and implanting positive ions into the work 2 is 
formed by combining a plurality of pulses. The implanta- 
tion profile when ions are implanted into the work 2 can 
furthermore finely be controlled. 

[0079] In the examples shown in Figs. 5 to 10, the 
period in which no voltage is applied is provided 
between the pulses. In the period in which no voltage is 
applied, ions moved to the work 2 and having the initial 
energy are deposited on the work 2. Therefore, in the 
period in which no voltage is applied, implantation of 
ions into the work 2 is not performed. In this case, a film 
is formed on the work 2. That is, in the examples shown 
in Figs. 5 to 10, both of an effect of the implantation of 
ions and an effect of film formation can be obtained. 
[0080] When film formation on the work 2 is not 
required, a DC voltage component is superposed on the 
pulse-shape voltage which is applied to the work 2. An 
example of a pulse-shape voltage on which the DC volt- 
age component is superposed is shown in Fig. 11. 
When the positive DC voltage component is super- 
posed on the pulse-shape voltage, film formation 
between the pulses can be prevented. Thus, only 
implantation of ions into the work 2 can be performed. 
[0081] In the foregoing examples, ions are 
implanted when the negative voltage is applied to the 
work 2 according to conditions. Introduction of ions into 
the work 2 is sometimes inhibited when the negative 
voltage is applied to the work 2. Thus, a sputtering state 
is not realized. 

[0082] That is, when a sufficiently high negative 
voltage is applied to the work 2, the energy of ions 
which are moved to the work 2 is enlarged sufficiently 
Thus, ions are implanted into the work 2, causing a 
state in which ions are implanted to be realized. When 
the negative voltage which is applied to the work 2 is 
low, the energy of ions which are moved to the work 2 is 
too small to permit ions to be implanted into the work 2. 
Therefore, the sputtering state is realized. 
[0083] Specifically, when the work 2 is made of 
plastic and ion source are made of carbon and the neg- 
ative which is applied is about 10 kV, ions are suffi- 
ciently accelerated. Thus, a state in which ions are 
implanted is realized. When the negative voltage which 
is applied to the work 2 is about several hundreds of V, 
ions cannot sufficiently be accelerated. Thus, ions are 
not implanted into the work 2, causing the sputtering 



state to be realized. 

[0084] When the work 2 is subjected to the surface 
modification, the foregoing sputtering state may posi- 
tively be used. An example of the pulse-shape voltage 
5 which is used when the sputtering state is positively 
used is shown in Fig. 1 2. 

[0085] When the sputtering state is positively used, 
a bias of about - several hundreds of V is applied as 
shown in Fig. 12 when the negative pulse-shape voltage 
10 is applied. Thus, the surface of the work 2 is sputtered. 
Then, a pulse of about - 10 kV is applied to implant ions 
into the work 2. 

[0086] As described above, the voltage which is 
applied to the work 2 is adjusted so that implantation of 

is ions into the work 2 and sputtering of the work 2 are per- 
mitted. That is, adjustment of the voltage which is 
applied to the work 2 enables the work 2 to be subjected 
to the surface modification which includes both of sput- 
tering and ion implantation. 

20 [0087] The foregoing apparatus 1 for surface modi- 
fication is arranged to operate the mass separator 11 
using pulses and control opening/closing of the shutter 
7. Thus, ions which must be implanted into the work 2 
can intermittently be supplied. The supply of ions which 

25 must be implanted into the work 2 may be performed in. 
synchronization with the pulses of the bias voltage 
which is applied to the work 2. As a result, only implan- 
tation of ions into the work 2 may be performed. As an 
alternative to this, the surface modification is performed 

30 such that implantation of ions, film formation and sput- 
tering are combined. Thus, the surface modification 
under required conditions can furthermore finely be 
controlled] - 

[0088] Examples of actual surface modification 
35 using the apparatus 1 for surface modification shown in 
Fig. 2 will now be described. 

First Example 

40 [0089] In this example, the work 2 which must be 
processed was a plastic substrate obtained by molding 
amorphous polyolefine (APO) into a disc shape. The 
ions source which must be implanted into the work 2 
were made of carbon. The ion generation source 10 

45 was a filtered cathodic arc source manufactured by 
.Commonwealth Scientific Corp. 

[0090] Initially, the plastic substrate which must be 
subjected to the surface modification was joined to the 
holder 5 disposed in the vacuum chamber 3. To prevent 

so excessive rise in the temperature of the plastic sub- 
strate after ions were implanted, cooling water was 
allowed to flow through the pipe for introducing cooling 
water disposed in the holder 5. The plastic substrate 
which must be subjected to the surface modification 

55 was joined to the holder 5, and then the inside portion of 
the vacuum chamber 3 was exhausted by the cryopump 
4 to realize a high vacuum state. The degree of vacuum 
in the vacuum chamber 3, that is, the degree of vacuum 
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(the background degree of vacuum) before ions were 
implanted into the vacuum chamber 3 was made to be 
about 10" 7 Torr. 

[0091] Then, carbon ions were generated by the ion 
generator 6, and then carbon ions were implanted into 5 
the vacuum chamber 3. An ion electric current caused 
from a flow of the carbon ions was about 10 A and the 
kinetic energy of these carbon ions was about 25 eV. 
Then, carbon ions were implanted into the vacuum 
chamber 3 so that plasma containing carbon ions was w 
generated. The degree of vacuum in the vacuum cham- 
ber 3, that is, the degree of vacuum while ions were 
implanted, was about 1 0* 5 Torr. 

[0092] In a state in which the plastic substrate was 
placed in the plasma containing carbon ions, pulse- 15 
shape voltage was generated by the pulse power 
source 8. The pulse-shape voltage was, as the bias volt- 
age, applied to the plastic substrate. As a result, carbon 
ions were implanted into*the plastic substrate so that 
ions were implanted into the plastic substrate. 20 
[0093] During ion implantation, generation of 
plasma sheath on the surface of the plastic which was 
the work 2 was observed. 

[0094] • In this example, the waveform of the pulse- 
shape voltage which was applied to the plastic substrate 25 
was changed in order to compare with each other. Spe- 
cifically, a first example was performed such that pulse- 
shape voltage in which positive and negative pulses 
alternately appeared as shown in Fig. 1 3 was applied to 
the plastic substrate. The pulse peak values of each of 30 
the positive and negative pulse-shape voltage were ± 
10 kV. The width of each of the positive and negative 
pulses was 5 usee. The interval between the pulses was 
0.1 msec (10' kHz). A second example was performed 
as shown in Fig. 14 such that pulse-shape voltage com- 35 
posed of only negative pulses was applied to the plastic 
substrate. The pulse peak value of the pulse-shape volt- 
age was - 1 0 kV. The pulse width was 5 usee. The inter- 
val between the pulses was 0.1 msec (1 0 kHz). 
[0095] The hardness of the surface of each of the 40 
plastic substrates into which ions were implanted under 
the foregoing conditions was measured. The measure- 
ment of the hardness of the surface was performed by 
nano-indentation hardness test using a thin-film hard- 
ness tester "MHA-400" manufactured by NEC. 45 
[0096] Result of measurement performed such that 
ions were implanted by applying the pulse-shape volt- 
age shown in Fig. 13 is shown in Fig. 15. Result of 
measurement performed such that ions were implanted 
by applying the pulse-shape voltage shown in Fig. 14 is 50 
shown in Fig. 16. The axis of abscissa shown in Figs. 15 
and 1 6 stands for the penetration depth of the indenta- 
tor during the depression hardness test. The axis of 
ordinate stands for the magnitude of the applied load 
added to the indentator during the hardness test. 55 
[0097] , As can be understood from Figs. 15 and 16, 
a comparison was made with the case in which the 
pulse-shape voltage composed of only negative pulses 



was applied to the plastic substrate to implanted ions (in 
the case shown in Fig. 16). When pulse-shape voltage 
in which positive and negative pulses alternately 
appeared was applied to the plastic substrate (in the 
case shown in Fig. 15), amount of displacement real- 
ized after loading was reduced. Thus, the hardness of 
the surface was increased. 

[0098] That is, when the pulse-shape voltage in 
which positive and negative pulses alternately 
appeared was applied to the plastic substrate to implant 
ions, a furthermore satisfactory effect of modifying the 
surface of the plastic substrate was obtained. The rea- 
son for this lies in that when ions were implanted by 
applying the pulse-shape voltage composed of only 
negative pulses to the plastic substrate, satisfactory 
implantation of ions was inhibited owing to charge-up. 
When the pulse-shape voltage in which positive and 
negative pulses alternately appeared was applied to the 
plastic substrate to implant ions, the charge-up state 
was prevented. Thus, implantation of ions was per- 
formed stably. 

Second Example 

[0099] In this example, a plastic substrate obtained 
by molding amorphous polyolefine (APO) into a disc 
shape was coated with oil based ink. Thus, the work 2 
was obtained. The thickness of the oil based ink which 
was applied to the surface of the plastic substrate was 
about 10 u.m. The ion source which must be implanted 
into the work 2 were made of carbon. The ion genera- 
tion source 10 was a filtered cathodic arc source manu- 
factured by Commonwealth Scientific Corp. 
[0100] Initially, the plastic substrate which was 
coated with the oil based ink was joined to the holder 5 
disposed in the vacuum chamber 3. To prevent exces- 
sive rise in the temperature of the plastic substrate after 
ions were implanted, cooling water was allowed to flow 
through the pipe for introducing cooling water disposed 
in the holder 5. The plastic substrate coated with the oil 
based ink was joined to the holder 5, and then the inside 
portion of the vacuum chamber 3 was exhausted by the 
cryopump 4 to realize a high vacuum state. The degree 
of vacuum in the vacuum chamber 3, that is, the degree 
of vacuum (the background degree of vacuum) before 
ions were implanted into the vacuum chamber 3, was 
made to be about 2.1 x 10* 7 Torr. 
[0101] Then, carbon ions were generated by the ion 
generator 6, and then carbon ions were implanted into 
the vacuum chamber 3. An ion electric current caused 
from a flow of the carbon ions was about 10 A and the 
kinetic energy of these carbon ions was about 25 eV. 
Then, carbon ions were implanted into the vacuum 
chamber 3 so that plasma containing carbon ions was 
generated. The degree of vacuum in the vacuum cham- 
ber 3, that is, the degree of vacuum while ions were 
implanted, was about 5 x 1 0" 5 Torr. 
[0102] In a state in which the plastic substrate was 
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placed in the plasma containing carbon ions, pulse- 
shape voltage in which positive and negative pulses 
alternately appeared was generated by the pulse power 
source 8. The pulse-shape voltage was, as the bias volt- 
age, applied to the plastic substrate. As a result, carbon 5 
ions were implanted into the plastic substrate. The 
pulse peak values of each of the positive and negative 
pulse-shape voltage were ± 10 kV similarly to the first 
embodiment. The width of each of the positive and neg- 
ative pulses was 5 fisec. The interval between the 10 
pulses was 0.1 msec (10 kHz). During ion implantation, 
occurrence of plasma sheath on the surface of the plas- 
tic substrate coated with the oil based ink was 
observed. 

[0103] The infrared spectral characteristics of the 15 
plastic substrate coated with the oil based ink before 
and after the surface modification were measured by 
ATR (Attenuated Total Reflectance) method. The infra- 
red spectral characteristics were measured by a micro- 
scope "FTIRAIM8000 B for measuring ATR 20 
manufactured by Shimadzu. Results of the measure- 
ment of the infrared spectral characteristics are shown 
in Fig. 17. As shown in Fig. 17, the surface modification 
performed by implanting ions caused the surface char- 
acteristics of the plastic substrate coated with the oil 25 
based ink to be changed. As a result, the surface was 
modified owing to implantation of ions. 
[0104] The plastic substrate coated with the oil 
based ink was subjected to a scratch test by using a 
surface evaluating apparatus manufactured by Heidon 30 
such that the state before and after the surface modifi- 
cation by implanting ions were evaluated. As a result, 
the surface was flawed owing to a load of 0.01 g before 
the surface modification. After the surface modification, 
the surface was not flawed when the load was smaller 35 
than 1 g. 

[0105] After surface modification by implanting ions 
was performed, the plastic substrate coated with the oil 
based ink was immersed in solvent, such as acetone or 
ethanol so as to be cleaned with an ultrasonic cleaning 40 
machine for one hour. As a result, the oil based ink was 
hot dissolved. The reason for this lay in that the surface 
modification in which, ions were implanted modified the 
oil based ink applied to the plastic substrate such that 
the oil based ink was made to be insoluble with respect 45 
to the solvent, such as acetone or ethanol. 
[0106] In the foregoing example, the oil based ink 
was applied to the plastic substrate obtained by molding 
amorphous olefine (APO) into the disc shape so that the 
work 2 was obtained. The surface modification accord- so 
ing to the present invention may be applied to a thin film 
formed on another substrate. For example, the sub- 
strate on which the thin film is formed may be a sub- 
strate made of polycarbonate (PC), 
polymethylmethacrylate (PMMA), polyethylene tereph- 55 
thalate (PET) or acrylic resin. As an alternative to this, 
the substrate may be a silicon substrate or a glass sub- 
strate. 



[0107] According to the present invention, ions can 
be implanted into a variety of thin films. Specifically, ions 
can be implanted into a Si0 2 film or a SiN x film formed 
by a plasma CVD apparatus, a thin film made of ultravi- 
olet curing resin applied by a spin-coating apparatus or 
a magnetic film formed by applying a material in which 
magnetic powder is mixed with a binder. 

Third Example 

[0108] In this example, a rotative drum 30 struc- 
tured as shown in Fig. 18 made of plastic was manufac- 
tured. The rotative drum 30 was employed as the work 
2 which must be processed. The rotative drum 30 was 
arranged to be used to record/play a magnetic tape. 
When a magnetic tape is recorded/play by using the 
rotative drum 30, a magnetic tape 31 is wound around 
the rotative drum 30 as indicated with an arrow B1 
shown in Fig. 1 8 so as to be moved. Moreover, the rota- 
tive drum 30 is rotated by a motor as indicated with an 
arrow B2 shown in Fig. 18. A magnetic head mounted 
on the rotative drum 30 records/play the magnetic tape 
31. 

[0109] Hitherto, the rotative drum for use to 
record/play the magnetic tape has been made of an alu- 
minum alloy. The rotative drum made of the metal hav- 
ing a great weight causes the motor for rotating the 
rotative drum to bear a heavy load. If the rotative drum 
can be made of plastic, the weight of the rotative drum 
can considerably be reduced. Thus, the load which 
must be borne by the motor can significantly be 
reduced. Since plastic suffers from unsatisfactory hard- 
ness, the plastic rotative drum encounters excessive 
wear owing to sliding with the magnetic tape. As a 
result, the lifetime is excessively shortened. Therefore, 
the plastic rotative drum couldn't be put into practical 
use. 

[0110] When the present invention was applied to 
subject the plastic rotative drum to the surface modifica- 
tion as described later, the hardness of the surface was 
considerably improved. As a result, the plastic rotative 
drum was enabled to be put into practical use. 
[0111] In this example, the plastic rotative drum 30 
structured as shown in Fig. 18 was manufactured. The 
rotative drum 30 was joined to the holder 5 disposed in 
the vacuum chamber 3. To prevent excessive rise in the 
temperature of the rotative drum 30 during implantation 
of ions, cooling water was allowed to flow through the 
pipe for introducing cooling water included in the holder 
5. After the rotative drum 30 was joined to the holder 5, 
the inside portion of the vacuum chamber 3 was 
exhausted by the cryopump 4 so that a high vacuum 
state was realized. The degree of vacuum in the vac- 
uum chamber 3, that is, the degree of vacuum (the 
background degree of vacuum) before ions were 
implanted into the vacuum chamber 3, was about 2.1 x 
10' 7 Torr. 

[0112] Then, the ion generator 6 was operated to 
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generate carbon, hydrogen and hydrocarbon ions. The 
generated ions were implanted into the vacuum cham- 
bers. The ion generation source 1 0 of the ion generator 
6 was an RF plasma source. Methane gas in a quantity 
of 50 seem was implanted so that carbon, hydrogen and 5 
hydrocarbon ions were generated from the methane 
gas. 

[0113] The carbon, hydrogen and hydrocarbon Ions 
were implanted into the vacuum chamber 3 so that 
plasma containing the foregoing ions was generated, w 
The degree of vacuum in the vacuum chamber 3, that is, 
the degree of vacuum while ions were implanted was 
about 5 x 1 0" 5 Torr. 

[0114] In a state in which the rotative drum 30 was 
placed in the plasma containing the carbon, hydrogen is 
and hydrocarbon ions, the pulse power source 8 gener- 
ated pulse-shape voltage in which positive and.negative 
pulses appeared alternately. The pulse-shape voltage 
was, as the bias voltage, applied to the rotative drum 30. 
As a result, ions were implanted into the rotative drum 20 
30. The positive and negative pulse peak values of the 
pulse-shape voltage which was applied to the rotative 
drum 30 were ± 1 0 kV similarly to the first example. The 
pulse width was 5 usee, and the interval between the 
pulses was 0.1 msec (1 0 kHz). Time for which ions were 25 
implanted was 5 minutes. 

[0115] During ion implantation, occurrence of 
plasma sheath on the surface of the rotative drum 30 
which was the work 2 was observed. 

[0116] As described above, ions were implanted 30 
into the plastic rotative drum 30 so that the hardness of 
the surface of the rotative drum 30 was increased. To 
confirm the foregoing effect a plastic sample made of 
the same material as that of the rotative drum 30 was 
manufactured. Then, the hardness of the surface of the 35 
sample before and after implantation of ions was meas- 
ured by a thin-film hardness tester "MHA^OO'* manufac- 
tured by NEC. The hardness of the surface before 
implantation of ions was 0.5 GPa. On the other hand, 
the hardness of the surface after ions were implanted 40 
was 20 GPa. The foregoing hardness had satisfactory 
hardness to put the rotative drum into practical use. 
That is, the present invention is able to overcome the 
problem of the wear and put the plastic rotative drum 
into practical use. 45 
[0117] In the present invention, ions were implanted 
by the plasma implantation method. Therefore, if the 
work 2 has a three-dimensional structure, ions can uni- 
formly'be implanted in a manner different from the ion 
beam implantation method. Hence it follows that ions so 
can uniformly be implanted to the overall surface of the 
rotative drum if the work 2 is the rotative drum having 
the three-dimensional structure. Thus, the surface can 
be modified. 

[0118] When the rotative drum is made of plastic, 55 
the insulating characteristic of the surface sometimes 
raises a problem in that the magnetic tape adheres to 
the rotative drum. In the foregoing case, implantation of 



ions is performed such that also ions of metal, such as 
Ti, are implanted. Thus, conductivity can be imparted to 
the surface of the rotative drum. As a result, the problem 
of adhesion of the magnetic tape can be overcome. 
[0119] Specifically, when methane gas is implanted 
into the ion generation source 10 to generate ions, also 
organic metal, such as Ti (CH 3 ) 2 C! 2 , tetramethylamino 
titanate, tetrakisdimethylamino titanium (TDMAT) ortet- 
rakisdiethylamino titanium (TDEAT) is implanted 
together with the methane gas. Also titanium ions are 
supplied into the plasma. Thus, the surface of the rota- 
tive drum can be made to be a titanium surface. As a 
result, the problem of adhesion of the magnetic tape 
can be overcome. 

[0120] When a thin conductive film is formed on the 
surface of the rotative drum, the problem of the adhe- 
sion of the magnetic tape can be overcome. When the 
thin conductive film is just formed on the plastic ele- 
ment, adhesiveness is unsatisfactory to realize satisfac- 
tory durability. Therefore, it is preferable that the 
problem of the adhesion of the magnetic tape is over- 
come by also implanting ions of metal, such as Ti, when 
ions are implanted to impart conductivity to the surface 
of the rotative drum. 

[0121] When a thin film is afterwards formed on the 
rotative drum, the machining accuracy of the surface is 
sometimes changed according to conditions under 
which the thin film is formed. Ions are implanted along 
the surface of the rotative drum. Therefore, change in 
the machining accuracy of the surface of the rotative 
drum can be prevented. If the surface roughness real- 
ized after a machining process is 0.8S, also the surface 
roughness of about 0.8S is maintained after ions are 
implanted. Therefore, it is preferable that only the sur- 
face modification with which ions are implanted is per- 
formed from a viewpoint for maintaining the accuracy of 
machining of the surface. 

[0122] The rotative drum subjected to the surface 
modification (including implantation of titanium ions) 
using implantation of ions was mounted on a movement 
test apparatus so that a movement test was performed. 
The movement test apparatus was structured such that 
the rotative drum was rotated and the magnetic tape 
was moved to perform the movement test similarly to 
the process for performing recording/play of a magnetic 
tape by the helical scan method. Winding and rewinding 
of the magnetic tape were automatically repeated so as 
to continuously move the magnetic tape. 
[0123] The rotative drum subjected to the surface 
modification using implantation of ions was mounted on 
the movement test apparatus to perform the movement 
test for 1000 hours. As a result, wear of the rotative 
drum and adhesion of the magnetic tape were pre- 
vented. Therefore, a fact was confirmed that the lifetime 
was 1000 hours or longer. As can be understood from 
the result of the movement test, the surface modification 
according to the present invention is able to overcome 
the problem of wear of the plastic rotative drum and 
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adhesion of the magnetic tape. As a result, the plastic 
rotative drum can be put into practical use. 
[0124] When the rotative drum which has been 
made of an aluminum alloy is made of plastic, the 
weight of the rotative drum can be reduced. Thus, the s 
load which must be borne by the motor for rotating the 
rotative drum can be reduced to about 1/10. Since the 
load which must be borne by the motor can be reduced, 
electric power required to operate a helical scan mag- 
netic recording/reproducing apparatus can considerably 10 
be reduced. As a result, time for which the operation is 
permitted by, for example, a battery, can considerably 
be elongated. Since electric power can be reduced, a 
satisfactory, effect can be obtained for the global envi- 
ronment. 15 

Fourth Example 

[0125] In this example, the work 2 was a plastic disc 
substrate employed as a disc recording medium, such 20 
as an optical disc, a magneto-optical disc or a magnetic 
disc. The insulator which must be subjected to the sur- 
face modification was a base member for supporting a 
recording layer of the recording medium. The ion source 
which must be implanted into the work 2 were made of 25 
carbon. The ion generation source 10 was a filtered 
cathodic arc source manufactured by Commonwealth 
Scientific Corp. 

[0126] Initially, the disc substrate which must be 
subjected to the surface modification was joined to the 30 
holder 5 disposed in the vacuum chamber 3. To prevent 
excessive rise in the temperature of the disc substrate 
during implantation of ions, cooling water was allowed 
to flow through the pipe for introducing cooling water 
included in the holder 5. The disc substrate which must 35 
be subjected to the surface modification was joined to 
the holder 5. Then, the inside portion of the* vacuum 
chamber 3 was exhausted by the cryopump 4 so that a 
high vacuum state was realized. The degree of vacuum 
in the vacuum chamber 3, that is, the degree of vacuum • 40 
(the background degree of vacuum) realized before ions 
were implanted into the vacuum chamber 3, was made 
to be about 10" 7 Torr. 

[0127] Then, the ion generator 6 was operated so 
that carbon ions were generated. Then, generated car- 45 
bon ions were implanted into the vacuum chamber 3. 
An ion electric current caused from a flow of the carbon 
ions was about 1 0 A and the kinetic energy of these par- 
bon ions was about 25 eV. Then, these carbon ions 
were implanted into the vacuum chamber 3 so that so 
plasma containing carbon ions was generated. The 
degree of vacuum in the vacuum chamber 3, that is, the 
degree of vacuum while ions were implanted, was about 
1 0' 5 Torr. 

[0128] In a state in which the disc substrate was ss 
placed in the plasma containing carbon ions, the pulse 
power source 8 was operated to generate pulse-shape 
voltage containing positive pulse-shape voltage and 
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negative pulse-shape voltage. The pulse-shape voltage 
was, as the bias voltage, applied to the disc substrate. 
As a result, carbon ions were implanted into the disc 
substrate. 

[0129] During ion implantation, occurrence of 
plasma sheath on the surface of the disc substrate 
which must be subjected to the surface modification 
was observed. 

[0130] The permeability of water and oxygen of the 
disc substrate before and after the surface modification 
of the disc substrate using implantation of ions were 
measured. 

[0131] As a result, the permeability of water before 
the surface modification using implantation of ions was 
10 g/m 2 «24h. The permeability of oxygen was 100 
cm 3 /m 2 • 24h • atm. After the surface modification using 
implantation of ions was performed, the permeability of 
water was 0.007 g/m 2 • 24h. The permeability of oxygen 
was 0.3 cm 3 /m 2 *24h • atm. Thus, the surface modifica- 
tion using implantation of ions enabled the permeability 
of water and oxygen to considerably be reduced. 
[0132] Hitherto, the plastic disc substrate suffers 
from the problem in that the disc substrate absorbs 
water and oxygen in the atmosphere and, therefore, the 
disc substrate is deformed. The present invention in 
which ions are implanted is able to considerably reduce 
the permeability of water and oxygen. Thus, the fact that 
the disc substrate absorbs water and oxygen in the 
atmosphere can be prevented. That is, according to the 
present invention in which ions are implanted into the 
plastic disc substrate, deformation of the disc substrate 
caused from the fact that the disc substrate absorbs 
water and oxygen in the atmosphere can be prevented. 

Fifth Example 

[0133] In this example, the work 2 which must be 
subjected to the surface modification was a magnetic 
disc incorporating a disc substrate on which a magnetic 
layer was formed. Ions were implanted into a protective 
film formed on the magnetic layer. That is, the insulator 
which must be subjected to the surface modification 
was the recording medium incorporating a base mem- 
ber on which a recording layer was formed. The ion 
source which were implanted into the work 2 were made 
of carbon. The ion generation source 1 0 was a filtered 
cathodic arc source manufactured by Commonwealth 
Scientific Corp. 

[0134] In this example, initially, magnetic powder 
was mixed with a binder so as to be applied to the sur- 
face of a plastic disc substrate. Thus, a magnetic disc 
incorporating a disc substrate on which a magnetic 
layer was formed was manufactured. 
[01 35] The magnetic disc was joined to the holder 5 
disposed in the vacuum chamber 3. To prevent exces- 
sive rise in the temperature of the magnetic disc during 
implantation of ions, cooling water was allowed to flow 
through the pipe for introducing cooling water included 
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in the holder 5. The magnetic disc which must be sub- 
jected to the surface modification was joined to the 
holder 5. Then, the inside portion of the vacuum cham- 
ber 3 was exhausted by the cryopump 4 so that a high 
vacuum state was realized. The degree "of vacuum, in 5 
the vacuum chamber 3, that is, the degree of vacuum 
(the background degree of vacuum) realized before ions 
were implanted into the vacuum chamber 3 was about 
10' 7 Torr. 

[0136] Then, the ion generator 6 was operated to 10 
generate carbon ions. Then, carbon * ions were 
implanted into the vacuum chamber 3. An ion electric 
current caused from a flow of carbon ions was about 10 
A. The kinetic energy of these carbon ions was about 25 
eV. Then, carbon ions were implanted into the vacuum 15 
chamber 3 so that plasma containing carbon ions was 
generated. The degree of vacuum in the vacuum cham- 
ber 3, that is, the degree of vacuum while ions were 
implanted, was about 1 0" 5 Torr. 

[0137] In a state in which the magnetic disc was 20 
placed in the plasma containing carbon ions, the pulse 
power source 8 was operated to generate pulse-shape 
voltage including positive pulse-shape voltage and neg- 
ative pulse-shape voltage. The pulse-shape voltage 
was, as the bias voltage, applied to the magnetic disc. 25 
Thus, carbon ions were implanted into the substrate so 
that ions were implanted into the magnetic layer of the 
magnetic disc. 

[0138] During ion implantation, occurrence of 
plasma sheath on the surface of the magnetic disc 30 
which must be subjected to the surface modification 
was observed. 

[0139] Since ions were implanted into the magnetic 
layer of the magnetic disc, the hardness of the surface 
of the magnetic layer was increased. Thus, the density 35 
and reliability of the magnetic disc were improved. 
[0140] When ions are implanted by the method 
according to the present invention, control of the wave- 
form of the pulse-shape voltage which is applied to the 
work 2 enables the amount of ions which must be 40 
implanted into the work 2, the depth of implantation and 
the implantation profile to be controlled. When the sur- 
face modification of the magnetic disc is performed, it is 
preferable that the waveform of the pulse-shape voltage 
which is applied to the magnetic disc is controlled to as 
implant ions into the portion adjacent to the surface of 
the magnetic layer in a maximum quantity. Thus, the 
portion adjacent to the surface of the magnetic layer can 
be modified and the hardness of the surface of the mag- 
netic layer can significantly be increased. so 
[0141] When ions are implanted by the method 
according to the present invention, control of the wave- 
form of the pulse-shape voltage which is applied to the 
work 2 enables ions to be implanted into the work 2 and 
also film formation to be permitted. Therefore, when the 55 
magnetic disc is subjected to the surface modification, 
the waveform of the pulse-shape voltage which is 
applied to the magnetic disc may be controlled to form 



the protective film for protecting the magnetic layer 
simultaneously with performing modification of the sur- 
face by implanting ions. 

Sixth Embodiment 

[0142] In this example, the work 2 which must be 
subjected to the surface modification was a protective 
film for protecting a recording layer of a disc-shape 
recording medium, such as an optical disc, a magneto- 
optical disc or a magnetic disc. That is, a recording 
medium incorporating a base member on which a 
recording layer was formed and a protective film formed 
on the recording layer was subjected to the surface 
modification. Then, ions were implanted into the protec- 
tive film formed on the recording layer. The ion source 
which must be implanted into the work 2 were made of 
carbon. The ion generation source 10 was a filtered 
cathodic arc source manufactured by Commonwealth 
Scientific Corp. 

[0143] In this example, initially, a recording layer 
was formed on a disc substrate made of plastic. Then, a 
spin-coating apparatus was operated to form a protec- 
tive film made of ultraviolet curing resin on the recording 
layer. Thus, a disc-shape recording medium was manu- 
factured which incorporated a disc substrate on which 
the recording layer and the protective film were lami- 
nated. 

[0144] The disc-shape recording medium was 
joined to the holder 5 disposed in the vacuum chamber 
3. To prevent excessive rise in the temperature of the 
disc-shape recording medium while ions were 
implanted, cooling water was allowed to flow through 
the pipe for introducing cooling water included in the 
holders. Then, the disc-shape recording medium which 
must be subjected to the surface modification was 
joined to the holder 5. Then, the inside portion of the 
vacuum chamber 3 was exhausted by the cryopump 4 
so that a high vacuum state was realized. The degree of 
vacuum in the vacuum chamber 3, that is, the degree of 
vacuum (the background degree of vacuum) before ions 
were implanted into the vacuum chamber 3, was about 
10" 7 Torr. 

[0145] Then, the ion generator 6 was operated to 
generate carbon ions. Then, carbon ions were 
implanted into the vacuum chamber 3. An ion electric 
current caused from a flow of carbon ions was about 1 0 
A. The kinetic energy of these carbon ions was about 25 
eV. Then, carbon ions were implanted into the vacuum 
chamber 3 so that plasma containing carbon ions was 
generated. The degree of vacuum in the vacuum cham- 
ber 3, that is, the degree of vacuum while ions were 
implanted was, about 1 0" 5 Torr. 

[0146] In a state in which the disc-shape recording 
medium was placed in the plasma containing carbon 
ions, the pulse power source 8 was operated to gener- 
ate pulse-shape voltage containing positive pulse- 
shape voltage and negative pulse-shape voltage. The 
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pulse-shape voltage was, as the bias voltage, applied to 
the disc-shape recording medium. Thus, carbon ions 
were implanted into the disc-shape recording medium 
so that ions were implanted into the protective film of the 
disc-shape recording medium. 

[0147] During ion implantation, occurrence of 
plasma sheath on the surface of the disc-shape record- 
ing medium was observed. 

[0148] Since ions were implanted into the protective 
film of the disc-shape recording medium, the hardness 
of the surface of the protective film was increased. 
Thus, the durability and reliability of the disc-shape 
recording medium were improved. For example, a disc- 
shape recording medium which has been implanted into 
a cartridge for the purpose of preventing a flaw can be 
used without a necessity of introducing the disc-shape 
recording medium into the cartridge. 
[0149] When ions are implanted by the method 
according to the present invention, control of the wave- 
form of the pulse-shape voltage which must be applied 
to the work 2 enables the amount of ions which must be 
implanted into the work 2, the depth of implantation and 
the implantation profile to be controlled. Therefore, it is 
preferable that the disc-shape recording medium is sub- 
jected to the surface modification such that the wave- 
form of the pulse-shape voltage which is applied to the 
disc-shape recording medium is controlled to cause 
ions to be implanted into a portion adjacent to the sur- 
face of the protective film in a maximum quantity. Thus, 
a portion adjacent to the surface of the protective film 
can be modified and the hardness of the surface of the 
protective film can significantly be increased. 

Seventh Embodiment 

[0150] In this example, a panel substrate of a liquid 
crystal panel in which liquid crystal was enclosed was 
manufactured by using plastic. The work 2 which must 
be subjected to the surface modification was the forego- 
ing panel substrate. The ion source which must be 
implanted into the work 2 were made of carbon. The ion 
generation source 10 was a filtered cathodic arc source 
manufactured by Commonwealth Scientific Corp. 
[0151] Initially, the panel substrate which must be 
subjected to the surface modification was joined to the 
holders disposed in the vacuum chamber 3. To prevent 
excessive rise in the temperature of the panel substrate 
while ions were implanted, cooling water was allowed to 
flow through the pipe for introducing cooling water dis- 
posed in the holder 5. Then, the panel substrate which 
must be subjected to the surface modification was 
joined to the holder 5. Then, the inside portion of the 
vacuum chamber 3 was exhausted by the cryopump 4 
so that a high vacuum state was realized. The degree of 
vacuum in the vacuum chamber 3, that is, the degree of 
vacuum (the background degree of vacuum) before ions 
were implanted into the vacuum chamber 3, was about 
10 7 Torr. 



[0152] Then, the ion generator 6 was operated so 
that carbon ions were generated. Then, carbon ions 
were implanted into the vacuum chamber 3. An ion 
electric current' caused from a flow of carbon ions was 

5 about 1 0 A. The kinetic energy of these carbon ions was 
about 25 eV. Then, carbon ions were implanted into the 
vacuum chamber 3 so that plasma containing carbon 
ions was generated. The degree of vacuum in the vac- 
uum chamber 3, that is, the degree of vacuum while 

io ions were implanted, was about 10" 5 Ton*. 

[0153] In a state in which the panel substrate was 
disposed in the plasma containing carbon ions, the 
pulse power source 8 was operated to generate pulse- 
shape voltage containing positive pulse-shape voltage 

is and negative pulse-shape voltage. The pulse-shape 
voltage was, as the bias voltage, applied to the panel 
substrate. Thus, carbon ions were implanted into the 
panel substrate so that ions were implanted into the 
panel substrate. 

20 [0154] During ion implantation, occurrence of 
plasma sheath on the surface of the panel substrate 
which must be subjected to the surface modification 
was observed. 

[0155] Then, the permeability water and oxygen of 

25 the panel substrate before and after the surface modifi- 
cation of the panel substrate using implantation of ions 
were measured. As a result, the permeability of water 
before the surface modification using implantation of 
ions was 1 0 g/m 2 • 24h. The permeability of oxygen was 

30 100 cm 3 /m 2 • 24h • atm. After the surface modification 
using implantation of ions was performed, the permea- 
bility of water was 0.007 g/m 2 • 24h. The permeability of 
oxygen was 0.3 crrvVm 2 • 24h • atm. Thus, the surface 
modification using implantation of ions enabled the per- 

35 meability of water and oxygen to considerably be 
reduced. Thus, the permeability of water and oxygen of 
the plastic panel substrate were made to be similar to 
those of a panel substrate made of glass. 
[0156] Hitherto, the panel substrate of the liquid 

40 crystal panel into which liquid crystal is enclosed has 
been made of glass. If the panel substrate can be made 
of plastic, the weight and cost of the liquid crystal panel 
can satisfactorily be reduced. However, plastic suffering 
from poor gastightness inhibits employment of the plas- 

45 tic panel substrate for enclosing liquid crystal. 

[0157] If ions are implanted by the method accord- 
ing to the present invention, the water vapor permeabil- 
ity and oxygen permeability of the plastic panel 
substrate can be improved to be similar to those of the 

so glass. Therefore, implantation of ions by the method 
according to the present invention enables a plastic 
panel substrate of a liquid crystal panel for enclosing liq- 
uid crystal to be manufactured. 



[0158] In this example, printing of a plastic sub- 
strate was performed on the work 2 which must be sub- 
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jected to the surface modification. That is, printed 
matter obtained by subjecting an insulator to a printing 
process was subjected to the surface modification.- 
Then, ions were implanted into the surface of printing. 
The ion source which must be implanted into the work 2 5 
were made of carbon. The ion generation source 10 
was a filtered cathodic arc source manufactured by 
Commonwealth Scientific Corp. 

[0159] in this example, initially, the plastic substrate 
subjected to the printing process was joined to the 10 
holder 5 disposed in the vacuum chamber 3. To prevent 
excessive rise in the temperature of the plastic sub- 
strate while ions were implanted, cooling water was 
allowed to flow through the pipe for introducing cooling 
water disposed in the holder 5. The plastic substrate 15 
subjected to the printing process was joined to the 
holder 5. Then, the inside portion of the vacuum cham- 
ber 3 was exhausted by the cryopump 4 so that a high 
vacuum state was realized. The degree of vacuum in 
the vacuum chamber 3, that is, the degree of vacuum 20 
(the background degree of vacuum) before ions were 
implanted into the vacuum chamber 3, was about 10" 7 
Torr. 

[0160] Then, the ion generator 6 was operated to 
generate carbon ions. Then, carbon ions were 25 
implanted into the vacuum chamber 3. An ion electric 
current caused from a flow of carbon ions was about 1 0 
A. The kinetic energy of these carbon ions was about 25 
eV. Then, carbon ion's were implanted into the vacuum 
chamber 3 so that plasma containing carbon ions was 30 
generated. The degree of vacuum in the vacuum cham- 
ber 3, that is, the degree of vacuum while ions were 
implanted, was about 1 0" 5 Torr. 

[0161] In a state in which the plastic substrate sub- 
jected to the printing process was placed in the plasma 35 
containing carbon ions, the pulse power source 8 was 
operated to generate pulse-shape voltage containing 
positive pulse-shape voltage and negative pulse-shape 
voltage. The pulse-shape voltage was, as the bias volt- 
age, applied to the plastic substrate subjected to the 40 
printing process. As a result, carbon ions were 
implanted into the printed surface of the plastic sub- 
strate. 

[0162] v During ion implantation, occurrence of 
plasma sheath on the surface of the plastic substrate 45 
which must be subjected to the surface modification 
was observed. 

[0163] The state before and after the surface modi- 
fication of the plastic substrate subjected to the printing 
process was subjected to a scratch test using surface so 
evaluation apparatus Heidon Type-22 manufactured by 
Shinto. As a result, the printed surface was flawed with 
a load of about 0.01 g before the surface modification. 
After the surface modification, the printed surface was 
free from any flaw with a load not heavier than 1 g. 55 
[0164] After the surface modification using implan- 
tation of ions was performed, the plastic substrate was 
immersed in solvent, such as acetone or ethanol. Then, 



the plastic substrate was cleaned by an ultrasonic 
cleaning machine for one hour. Removal of printing was 
prevented. The reason for this lay in that the surface 
modification using implantation of ions enabled the ink 
printed on the plastic substrate to be modified to be 
insoluble with respect to the solvent, such as acetone or 
ethanol. 

[0165] Since ions are implanted into the printed 
matter, printed ink can be modified and, therefore, 
removal of the printed matter can be prevented. Since 
ions are implanted by the plasma implantation method 
according to the present invention, ions can uniformly 
be implanted even if the work 2 has a three-dimensional 
structure in a manner different from the ion-beam 
implantation method. Therefore, ions can uniformly be 
implanted into the overall surface of the printed matter 
even if the printed matter has the three-dimensional 
structure. Therefore, removal of the printed matter from 
the overall printed surface can satisfactorily be pre- 
vented. 

Claims 

1. A surface modification apparatus for implanting 
ions into an insulator, comprising: 

means generating plasma containing said ions 

to be implanted into said insulator;- 

means applying pulse-shape voltage to said 

insulator; 

means implanting ions into said insulator in 
said plasma atmosphere by applying positive 
and/or negative pulse -shape voltage to said 
insulator. 

2. An apparatus for surface modification according to 
claim 1, wherein said apparatus has means control- 
ling waveform of pulse-shape voltage applied to 
said insulator by said means applying pulse-shape 
voltage. 

3. In a method for surface modification of an insulator 
by implanting ions; the improvement: 

applying positive or negative pulse-shape volt- 
age to an insulator in plasma containing ions to 
be implanted into said insulator; 

implanting said ions into said insulator. 

4. A method for surface modification according to 
claim 3, wherein there is a period being applied no 
voltage between the pulses when said pulse-shape 
voltage is applied to said insulator.- 

5. A method for surface modification according to 
claim 3, wherein said pulse-shape voltage is biased 
by DC voltage when said pulse-shape voltage are 
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applied to said insulator. 

6. A method for surface modification according to 
claim 3, wherein waveform of said pulse-shape volt- 
age has 2 or more differential waveforms. 5 

7. A method for surface modification according to 
claim 3, wherein at least one of the amount, depth 
of implantation and implantation profile of ions are 
controlled by controlling waveform of pulse-shape w 
voltage applied to said insulator. 

8. A method for surface modification according to 
claim 3, wherein said insulator is a rotative drum 
used in recording and/or reproducing magnetic . 15 
tape in helical scanning formula. 

9. A method for surface modification according to 
claim 3, wherein said insulator is a base member 

for supporting a recording layer of a recording 20 
medium. 

10. A method for surface modification according to 
claim 3, wherein said insulator is a recording 
medium that consists of a base member on which a 25 
recording layer is formed. 

11. A method for surface modification according to 
claim 3, wherein said insulator is a recording 
medium that on which recording layers are formed 30 
on a base member and a protective' film is formed 

on said recording layer, and ions are implanted into 
the protective film on said recording media so that 
surface modification is performed. 

35 . 

12. A method for surface modification according to 
claim 3, wherein said insulator is a panefsubstrate 
for a liquid crystal panel to enclose liquid crystal. 

13. A method for surface modification according to 40 
claim 3, wherein surface of said insulator is a sub- 
strate subjected to a printing process. 
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